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DFWLYLW\ DQG FRQGXFWLYLW\ RI PDJQHWLF GLIIHUHQFHV WKLV VWXG\ XVHG '+5 DQG ,3 SURYLGLQJ D SK\VLFDO EDVLV
0RVW RI WKH VWXGLHV GLG D ORW RI LQIUDVWUXFWXUH ZRUN RQ WKH LQRUJDQLF LQYHVWLJDWLRQ RI FRQWDPLQDWHG VLWHV E\
WKH LQGRRU VLPXODWLRQ WHVWV JURXQGUHODWHG EDVLF UHVHDUFK DQG FKHPLFDO DQDO\VLV DFFXPXODWHG D ORW RI
YDOXDEOH WKHRUHWLFDO UHVXOWV FDUULHG RXW D ODUJH QXPEHU RI LQYHVWLJDWLRQV>@ 7KH VXVFHSWLELOLW\ RI WDLOLQJV
LQ LQGXVWULDO SURFHVVHV E\ FRPEXVWLRQ LV VHYHUDO WLPHV WKDQ VRLO +306 KDG EHHQ SURYLGHG IRU
SUHFRQGLWLRQV DQG SK\VLFDO EDVLV >@
,Q WKLV VWXG\ +306ǃ'+5 DQG ,3 ZHUH FRPELQHG LQWR WKH UHVHDUFK RQ LQYHVWLJDWLQJ FKURPLXP ZDVWH
VLWH GHOLQHDWHG WKH VFRSH RI WKH DFFXPXODWLRQ RI FKURPLXP ZDVWH GHSWK DQG YROXPH RI WKH ERG\ DQG WKH
SROOXWLRQ RI VXUURXQGLQJ ODQGILOO JRW JRRG UHVHDUFK UHVXOWV
 0DWHULDOV DQG PHWKRGV
 VWXG\ 2EMHFW
7KH SODQW ZDV VHW XS LQ  SXW LQWR WULDO SURGXFWLRQ LQ  EDQNUXSWF\ LQ  7KH SODQW VLWHV DW
+DL\DQ &RXQW\ LQ 4LQJKDL 3URYLQFH )URP SURGXFWLRQ WR WKH SURGXFWLRQ RI VRGLXP GLFKURPDWH D D
FXPXODWLYH WRWDO RI DERXW W D ODUJH QXPEHU RI LWV KLJK FRQFHQWUDWLRQV RI &U HPLVVLRQV ZDVWH ZDWHU
DQG DQG  PLOOLRQ P RI ZDVWH LV FDXVLQJ VHULRXV SROOXWLRQ RI JURXQGZDWHU SROOXWLRQ>@ 7KH VLWH LV
ORFDWHG LQ WKH VRXWK ULGJH RI 4LOLDQ 0RXQWDLQ 'DEDQ 6KDQGRQJ VHFWLRQ RI WKH VRXWKHUQ PDUJLQ RI WKH
EDVLQ +DL\DQ QRUWKHDVW SLHGPRQW DOOXYLDO SODLQV LW LV DZD\ IURP WKH +DL\DQ FRXQW\ VHDW RI DERXW NP WKH
WHUUDLQ LV UHODWLYHO\ IODW ,W LV WKH 4XDWHUQDU\ VWUDWD RI ORRVH GHEULV WKH VRLO IRUP WRS WR GRZQ RUGHU RI ORHVV
VRLO 4DO  SO JUDYHOO\ VDQG 4DO  SO VLOW\ FOD\ 4DO  SO VLOW 4DO  SO DQG FLUFOH JUDYHO 4DO  SO LW LV
KDYLQJ D JRRG SK\VLFDO FRQGLWLRQV RI KLJK SUHFLVLRQ PDJQHWLF H[SORUDWLRQ>@
 OLQH VXUYH\ OD\RXW RI &KURPLXP VLWH DQG GDWD DFTXLVLWLRQ
7KH VXUYH\ LV XVLQJ WKH PDJQHWLF PHWKRG KLJK GHQVLW\ HOHFWULFDO PHWKRG DQG LQGXFHG SRODUL]DWLRQ
PHWKRG WR LQYHVWLJDWH VLWHV RI FKURPLXP UHVLGXH LQ )LJXUH  7KH 0DJQHWLF W\SH XVLQJ WKH *607
SURWRQ PDJQHWRPHWHU DV D EDVH VWDWLRQ LQVWUXPHQW UHDGLQJV UHVROXWLRQ LV Q7 DQG *60 SURWRQ
PDJQHWRPHWHU SUREH DV D PRELOH VWDWLRQ LQVWUXPHQW UHDGLQJV UHVROXWLRQ LV Q7 PDGH LQ &DQDGLDQ WR
GHWHFWLRQ RI FKURPLXP UHVLGXH YHQXHV +'5 DQG ,3 PHWKRG XVLQJ WKH 6XSHUVWLQJ 5,3 HTXLSPHQW PDGH
E\ $GYDQFHG *HRVFLHQFHV ,QFRI WKH 86 FXUUHQW LV ODUJHU WKDQ $ %DVHG RQ WKH WDVN GHPDQGV RI WKH
'HSWK H[SORUDWLRQ WKLV KLJKGHQVLW\ UHVLVWLYLW\ PHWKRG LV XVHG P DV WKH HOHFWURGH GLVWDQFH $FFRUGLQJ WR
WKH PRGHO WHVW UHVXOWV LW LV XVLQJ WKH GHYLFH DUUDQJHG IRU WKH GLSROHGLSROH WKH KLJKGHQVLW\ HOHFWULFDO
VDPSOLQJ WLPH LV V WKH WLPH RI LQGXFHG SRODUL]DWLRQ PHWKRG LV V
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)LJ )ODW GLDJUDP RI PHDVXUH VLWH DQG OLQHV
 DQRPDO\ LQWHUSUHWDWLRQ
 KLJK SUHFLVLRQ PDJQHWLF VXUYH\
 TXDOLWDWLYHO\ H[SODQ
)LJXUH  VKRZV WKH PDJQHWLF DQRPDO\ DUHD Ƹ7 SODQH HTXLYDOHQW OLQH GLVWULEXWLRQ LQ WKH WHVWLQJ ]RQH
7KH PD[LPXP YDOXH RI DQRPDO\ LV Q7 DQG LW KDV D JUDGLHQW FKDQJH 7KH EDFNJURXQG ILHOG JLYHV
SULRULW\ WR QHJDWLYH PDJQHWLF DQRPDO\ WKH SRVLWLYH DQG QHJDWLYH DEQRUPDO DOZD\V RFFXU WRJHWKHU
PDJQHWLF DQRPDO\ DPSOLWXGH LV VPDOO FKDQJHV ORFDO PDJQHWLF ERG\ KDV REYLRXVO\ XQHYHQ SHUIRUPDQFH
DEQRUPDO VFDOH LV QRW ODUJH $IWHU URDVWLQJ WKH PDJQHWL]HG UDWH RI FKURPLXP UHVLGXH LV ULVH DQG LW PD\
UHVXOW WKH ORFDO DQRPDOLHV 7KHUHIRUH D FHUWDLQ DPRXQW RI FKURPLXP UHVLGXH DUH ILOOHG LQ WKH ODFDWLRQ
FRRUGLQDWH ;  <  LQ )LJ ZH FDQ VHH LW LV D ' DEQRUPDO ERG\ 7KHUH DUH REYLRXV OLQHDU
DQRPDOLHV DORQJ WKH GLUHFWLRQ WR WKH OHQJWK WKH WZR ZLQJV RI JUDGLHQW DUH DV\PPHWULF DQG QHJDWLYH
DQRPDOLHV DUH DVVRFLDWHG ZLWK LW VXJJHVWLQJ WKDW LW
V FDXVHG E\ WKH OLPLWHG H[WHQVLRQ RI WKH VSKHULFDO ERG\
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 TXDQWLWDWLYH LQWHUSUHWDWLRQ
4XDQWLWDWLYH LQWHUSUHWDWLRQ FDQ EH URXJKO\ VXUH WKH VWDWXV DERXW WKH GHSWK RI PDJQHWLF H[WHQGLQJ GRZQ
DQG WKH ODWHUDO GLVWULEXWLRQ $OWKRXJK LW
V QRW DYRLG UHVXOWV H[LVW PXOWLSOH VROXWLRQ GXULQJ WKH DFWXDO
DSSOLFDWLRQ ZH VKRXOG FRPELQH ZLWK WKH NQRZQ JHRORJLFDO GDWD DQG H[SODLQ FRPSUHKHQVLYHO\ 5HVXOWV FDQ
SURYLGH HVVHQWLDO EDVLV IRU WKH HQYLURQPHQW PDLQWHQDQFH DQG PDQDJHPHQW )RU WKH WKUHH GHJUHHV RI
DEQRUPDO ERG\ WKH SULQFLSOH RI TXDQWLWDWLYH FDOFXODWLRQ IRU WKH FKRRVLQJ SURILOH LV ZLWK WKH DQRPDO\ WR
WKH YHUWLFDO PDJQHWLF DQRPDO\ QHDU WKH DQRPDO\ FHQWHU VHFWLRQ$EQRUPDO YDOXH LV  Q7 WKH PLQLPDO
YDOXH DUH  DQG Q7 RQ ERWK VLGHV $EQRUPDO UHJLRQDO SURILOH KDYH LQYHUVLRQ ILWWLQJ VHWWOHPHQW DQG
WKHQ PDSSLQJ RQ WKH SOLDEOH FXUYH ZLWK $278&$' )LJ 7KURXJK WKH FXUYHƸ7 RQ ERWK VLGHV RI WKH
PD[LPXP YDOXH RI LQIOHFWLRQ SRLQW IRU WZR WDQJHQW 7KH\ KDYH IRXU LQWHUVHFWLRQ SRLQWV ZLWK WKH H[WUHPXP
WDQJHQWV WKH FRRUGLQDWHV DUH ; ;
 DQG ;P ;
P 7KURXJK WKH H[SHULHQFH IRUPXOD >@ RI WKH EXULHG
GHSWK FDOFXODWH WKH EXULHG GHSWK RI FKURPLXP UHVLGXH ODQGILOO ERG\ LV DERXW  P $FFRUGLQJ WR WKH
FKDUDFWHULVWLFV RI DEQRUPDO FXUYHV DQG TXDOLWDWLYH ILWWLQJ H[SODLQ SURILOH MXGJH WKDW WKH ODQGILOO ERG\ LV D
WKUHH GHJUHHV ERG\ LW FDQ EH DSSUR[LPDWHO\ D VSKHUH FDOFXODWH WKH DFFXPXODWLRQ YROXPH RI FKURPLXP
UHVLGXH DERXW P ,Q RUGHU WR YHULI\ WKH EXULDO GHSWK RI WKH DFFXPXODWHG ERGLHV RI WKH FKURPLXP
UHVLGXH ZH VHW GULOOLQJ LQ WKH SRVLWLRQ FRRUGLQDWH ;  <  YHULI\ WKH EXULHG GHSWK RI WKH DFWXDO
FKURPLXP UHVLGXH LV  P
)LJ  WKH TXDOLWDWLYH H[SODQDWLRQ PDS RI WKH SUHFLVLQJ VHFWLRQ DEQRUPDO SODQH LQ WKH VXUYH\
 '+5 DQG ,3
$FFRUGLQJ WR WKH UHVXOWV RI PDJQHWLF H[SORUDWLRQ WKURXJK WKH FRRUGLQDWHV ;  <  DQG
FRRUGLQDWHV ;  <  ODLG DQ HOHFWULFDO VXUYH\ OLQHV VHH )LJXUH  WKH PHDVXUHPHQW UHVXOWV VKRZQ LQ
)LJXUH  DQG 
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)LJ ' LQYHUVLRQ LPDJH RI ,3 E\ 'LSROHGLSROH DUUD\
$FFRUGLQJ WR WKH GHWHFWLRQ UHVXOWV LQ )LJXUH  ZH FDQ QRW GHWHUPLQH WKH SUHVHQFH RI FKURPLXP VODJ
KHDS 'ULOOLQJ UHVXOWV LQGLFDWH WKDW WKH WKLFNQHVV RI WKH 'HSDUWPHQW RI FKURPLXP UHVLGXH IURP WKH VXUIDFH
WR WKH ERWWRP RI WKH GHSWK RI P &KURPLXP LRQ FRQFHQWUDWLRQ RI WKH JURXQGZDWHU LV PJ/ LQ WKH GULOO
WKH FRQFHQWUDWLRQ LV IDU WR PJ/ ZKLFK LV WKH QDWLRQDO VWDQGDUG 7KH SROOXWLRQ LV YHU\ VHULRXV )LJXUH
 DQG  VWXGLHV KDYH VKRZQ WKDW VLOW\ FOD\ ZDV EHHQ SROOXWHG $FFRUGLQJ WR )LJXUH  LQ WKH FRPELQDWLRQ RI
JHRWHFKQLFDO WHVW GULOOLQJ GDWD :KLFK VLOW\ FOD\ LV DW 'HSWK RI P FKURPLXP FRQWHQW LV PJ.J GXH
WR DEQRUPDO VLOW\ FOD\ DGVRUSWLRQ RI KHDY\ PHWDO LRQV >@ PDNLQJ WKH VRLO FRQWDLQV ODUJH DPRXQWV RI PHWDO
LRQV 7KHUHE\ LRQV PDGH WKH UHVLVWLYLW\ DQG FKDUJHDELOLW\ ODUJHU +RZHYHU WKH LQYHVWLJDWLRQ RI LWV HIIHFW RI
JURXQGZDWHU SROOXWLRQ LV QRW LGHDO EHFDXVH WKH FRQFHQWUDWLRQ RI KDUPIXO VXEVWDQFHV ZKHQ WKH ZDWHU RI
SROOXWLRQ LV JUHDWHU WKDQ PJ/ FDQ LQYHVWLJDWH DQG PRQLWRU JURXQGZDWHU >@
 &RQFOXVLRQ
 0DJQHWLF SURVSHFWLQJ PRUH DFFXUDWHO\ GHWHUPLQH WKH VSDWLDOORFDWLRQ RI WKH ZHDN PDJQHWLF DQRPDO\
WDUJHW XQGHUJURXQG PDNH XS IRU LWV KLJKGHQVLW\ HOHFWULFDO PHWKRG LQ WKH XQGHUJURXQG ZDWHU VKDOORZ OHYHO
WKH VKRUWDJH DERXW WKH OLPLWV RI FRPSOH[ UHJLRQ RI WKH SHEEOH EHG LQ WKH DUHD RI VROLG ZDVWH ODQGILOO
 'XULQJ WKH VXUYH\ DERXW WKH JURXQGZDWHU SROOXWLRQ LQ VROLG ZDVWH ODQGILOO SROOXWLRQ VLWHV WKH KLJK
GHQVLW\ HOHFWULFDO PHWKRG DQG LQGXFHG SRODUL]DWLRQ PHWKRG GHPDQG D VLQJOH VWUDWXP \RX FDQ FRQGXFW DQ
LQYHVWLJDWLRQ DQG PRQLWRULQJ DERXW WKH JURXQGZDWHU SROOXWLRQ ZKHQ WKH FRQFHQWUDWLRQ RI KDUPIXO PDWHULDO
LV PRUH WKDQ  PJ/ *UHDWO\ OLPLWV WKH IHDVLELOLW\ RI WKH LQYHVWLJDWLRQ FRQFHUQLQJ WKH WZR PHWKRGV LQ
JURXQGZDWHU SROOXWLRQ EXW ZH FDQ GHWHUPLQH ZKHWKHU WKH VRLO LV SROOXWHG
 :KHQ WKH JURXQGZDWHU SROOXWDQW OHYHO LV ORZHU WKH SK\VLFDO GLIIHUHQFHV EHWZHHQ WKH SROOXWHG ZDWHU
DQG XQFRQWDPLQDWHG ZDWHU DUH RIWHQ VPDOOHU LW LV GLIILFXOW WR GLIIHUHQWLDWH DFFXUDWHO\ WKHP ZLWK WKH
FRQYHQWLRQDO JHRSK\VLFDO H[SORUDWLRQ WHFKQRORJ\ DW SUHVHQW 6R RQ WKH EDVLV RI WKH H[LVWLQJ PHWKRGV
LPSURYH WKH VHQVLWLYLW\ RI H[SORUDWLRQ PHWKRGV SXW IRUZDUG VRPH QHZ SDUDPHWHUV UHVHDUFK WKH QHZ
PHWKRGV DQG DOO RI WKHVH JLYH XV RQH RI WKH LPSRUWDQW UHVHDUFK GLUHFWLRQ RQ JHRSK\VLFDO H[SORUDWLRQ
WHFKQRORJLHV LQ WKH IXWXUH
 $FNQRZOHGJHPHQWV
7KLV ZRUN ZDV VXSSRUWHG E\ WKH UHVHDUFKHV RI PDMRU QDWLRQDO GHIHQVH VFLHQWLILF UHVHDUFKǃ
-LDQJ[L 6FLHQFH DQG 7HFKQRORJ\ 'HSDUWPHQW$( DQG -LDQJ[L 3URYLQFLDO 2IILFH RI
(GXFDWLRQ*-- :H DOVR WKDQN WKRVH DQRQ\PRXV UHYLHZHUV IRU WKHLU WKRURXJK UHYLHZLQJ DQG
VXJJHVWLRQV IRU LPSURYHPHQWV ZKLFK ZH IRXQG YHU\ YDOXDEOH DQG KHOSIXO
&RQWDPLQDWHG VLOW\ FOD\
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